SYNOPSIS Studies were carried out on eight patients with primary biliary cirrhosis. Four patients were found to have a haemolytic anaemia; one had Coombs red cell antibodies. Two patients had evidence of splenic sequestration of red cells using the radio-chromium technique. There was a significant correlation between the red cell survival and the bromsulphthalein retention test and the red cell survival and the serum level of bilirubin. It was concluded that the anaemia of cirrhosis of the liver, including primary biliary cirrhosis, may be due to a number of mechanisms and a unifying hypothesis based on the degree of liver dysfunction is suggested.
SYNOPSIS Studies were carried out on eight patients with primary biliary cirrhosis. Four patients were found to have a haemolytic anaemia; one had Coombs red cell antibodies. Two patients had evidence of splenic sequestration of red cells using the radio-chromium technique. There was a significant correlation between the red cell survival and the bromsulphthalein retention test and the red cell survival and the serum level of bilirubin. It was concluded that the anaemia of cirrhosis of the liver, including primary biliary cirrhosis, may be due to a number of mechanisms and a unifying hypothesis based on the degree of liver dysfunction is suggested.
A review of the literature (Subhiyah and AlHindawi, 1967 ) has shown that 54% of patients with cirrhosis of the liver have a shortened red cell survival, measured by the radiochromium technique. However, patients with primary biliary cirrhosis, as a group, have not been investigated from this point of view. The need for such a study was prompted by a patient who presented with a Coombs-positive autoimmune haemolytic anaemia and in whom investigations also revealed coincident biliary cirrhosis. As far as we are aware this combination of disease has not been previously reported.
Material and Method
Eight female patients with primary biliary cirrhosis were studied (Table I ). The diagnostic criteria (Table II) Red cell survival studies (Table Ill) were carried out in seven patients by the radioactive chromium technique (Mollison and Veall, 1955 (Ti 51Cr) for each patient and thus of the degree of haemolysis. The mean T, 51Cr in six haematologically normal patients was 28 ± 5 (SD), range 22-35 days (Hume, Dagg, Fraser, and Goldberg, 1964) . In order to determine whether or not the spleen was acting as an organ of erythrocyte sequestration, radioactivity was also measured by surface counting over the heart, liver, and spleen as described by Jandl, Greenberg, Yonemoto, and Castle (1956) . A spleen/liver ratio at Ti of at least 2-3 to 1 was considered to be evidence of splenic sequestration of a degree sufficient to suggest that splenectomy would relieve a haemolytic anaemia (Goldberg, Hutchison, and MacDonald, 1966 Goudie et al (1966) .
Routine haematological measurements were carried out by the method of Dacie and Lewis (1963) .
Results
The results of the red cell survival studies (Table III) showed that three patients (cases 2, 6, and 8) had a haemolytic anaemia, the red cell survival being 18 days, 18 days, and 17 days respectively, as compared with the normal red cell survival (22-35 days) . (IgG type) antibody which was found to have a specificity of anti-Dc. Two patients (cases 5 and 6) had evidence of splenic sequestration of red cells from surface counting, the spleen: liver ratio being 3: 1 and 2-5: 1 respectively, and one patient (case 6) also had an associated leucopenia and thrombocytopenia with generalized hyperplasia of the bone marrow. There were no correlations found between the red cell survival and the size of the liver or spleen, and no correlation between the red cell survival and serum cholesterol, serum alkaline phosphatase, serum gamma globulin level, and immunofluorescent mitochondrial antibody titre. However, in the six patients (cases 2, 3, 5, 6, 7, and 8) in whom red cell survival (RCS) could be related to the bromsulphthalein retention (BSP) a significant relationship was found between these two measurements (Fig. 1) .
The regression of log y (BSP) on log x (RCS) is given by the equation y = 6-4349 -40095 x giving the correlation coefficient (r) of 0-9712 (p < 0-01); the reduction in the red cell survival is related to the degree of liver dysfunction when expressed as a log-log line.
In the seven patients (cases 2, 3, 4, 5, 6, 7, and 8) in whom red cell survival could be related to the serum bilirubin level (SB) a significant relationship was found between these two measurements (Fig. 2) .
The regression of y (SB) on log x (RCS) is given by the equation: y = 23-1631 -15-789 x, giving a correlation coefficient (r) of 0-8496 (p < 0-05); the reduction in the red cell survival is related to the increased level of serum bilirubin when expressed as a log-linear relationship. 
Discussion
Reduced red cell survival measured by the radioactive chromium technique has been reported in approximately 54 % of patients with liver cirrhosis (Subhiyah and Al-Hindawi, 1967) although the mechanism of this haemolytic anaemia remains in doubt. (Welch and Damashek, 1950) .
Apart from the role of the spleen other mechanisms have also been implicated in the haemolytic process of cirrhosis of the liver. The Coombs antiglobulin test has revealed the presence of red cell antibodies on occasion (Hyman and Southworth, 1951; Jones et al, 1955) although such a finding seems not to be very frequent. Other studies have suggested that in some cases, at least, there is probably both an intracorpuscular and an extracorpuscular factor involved in the anaemia (Fauvert, Loverdo, Nicollo, and Boivin, 1958; Hall, 1960; Combrisson, 1960; Pitcher and Williams, 1963; Katz, Velasio, Guzman, and Alessandri, 1964; Smith, Lonergan, and Sterling, 1964 ).
The present series illustrates many of the factors so far described. Of the eight patients with biliary cirrhosis studied, four (cases 1, 2, 6, 8), ie, 50%, had a shortened red cell survival which is similar to that in patients with cirrhosis in general. One patient (case 1) had an acute Coombs-positive autoimmune haemolytic anaemia. The significance of the red cell antibodies in the production of the anaemia is suggested by the remission in the anaemia when steroid therapy was introduced. The haemoglobin rose from 6-8 g to 12-5 g% and the PCV rose from 20% to 36%, and the Coombs test became negative. Red cell survival is not usually affected by steroid therapy in cirrhosis (Williams and Billing, 1961; Katz et al, 1964) . Two patients (cases 5 and 6) had evidence, from surface counting, of splenic sequestration of red cells of a degree which suggested that splenectomy would influence the haemolytic process. Case 6 also had leucopenia and thrombocytopenia with generalized hyperplasia of the bone marrow which was in keeping with the diagnosis of hyperspienism. Radiation to the spleen of this patient caused a reduction in splenic size from 3 in. to 1I in. below the costal margin and a remission in the anaemia. The haemoglobin rose from 7-7 g to 12 7 g% and the PCV from 28 % to 36 %. There was a moderate rise in the white cell count from approximately 2,500/cmm to 3,600/cmm. There was no obvious change in the platelet count which continued around 40,000/cmm. The remaining two patients (cases 2 and 8) had reduced red cell survival times which did not appear to relate to any of the factors so far discussed. Further analysis of the group as a whole failed to show any relationship between the red cell survival and the size of the liver or spleen or between the red cell survival and the serum cholesterol, alkaline phosphatase, serum gamma globulin, or the immunofluorescent mitochondrial antibody titre. However, there was a significant correlation between the serum bilirubin level and the red cell survival (p < 0-05). This unexpected finding may have relevance to the production of the haemolytic process when considered in the light of the experimental findings of Powell, Dunnicliff, and Billing (1968) . These workers, following experiments in rats whose bile ducts had been ligated, suggested that 'the haemolytic process accompanying cholestatic jaundice may be related to the increased levels of conjugated bilirubin in the plasma, but not to the accumulation of conjugated bile acids, phospholipids, and cholesterol'. In the present series, it was not determined what percentage of the total serum bilirubin was made up of conjugated bilirubin, but it is tempting to suggest that conjugated bilirubin is the extracorpuscular factor in the haemolytic anaemia of biliary cirrhosis. Furthermore, in the six patients in whom there was both a red cell survival and a BSP retention test available for analysis, a significant relationship was found between these two measurements (p < 0 01). This is in keeping with the observations of Kimber et al (1965) made on a group of 24 patients with chronic liver disease resulting from alcoholism, postnecrotic scarring, or haemochromatosis. Statistical analysis applied to their results shows a significant correlation between red cell survival and the BSP test (r = 0-422; p < 0 05). It can be concluded from this that the degree of liver dysfunction is also an important factor in the production of the haemolytic anaemia and the one which initiates all the other mechanisms.
From the available evidence, therefore, it would appear, after excluding obvious causes such as iron deficiency due to haemorrage, vitamin B12 and folic acid deficiency, which are probably of dietary origin, and relative anaemia due to increased plasma volume, that the anaemia of cirrhosis of the liver, including primary biliary cirrhosis, results from an interaction of different mechanism. We would suggest the following unifying hypothesis for the mechanisms (Fig. 3) : cirrhosis of the liver, however produced, is associated with reticuloendothelial hyperplasia and increased production of gamma globulin (Glynn and Holborow, 1965) . This increase in the reticuloendothelial cell system causes, on the one hand, splenic enlargement with, on occasion, 'hypersplenism' and on the other hand, on occasion, Coombs red cell antibodies with resulting haemolytic anaemia. The damaged liver also produces a 'metabolic' disturbance, including a raised serum conjugated bilirubin level which affects the red cells either intracellularly or extracellularly or both, rendering the cells more susceptible to destruction by the reticuloendothelial system generally, resulting in shortened red cell survival times. Finally, for some reason unexplained, although probably also related to the 'metabolic' changes produced by the diseased liver, the bone marrow fails to utilize iron for haem synthesis (Kimber et al, 1965) resulting in an inadequate marrow response to the haemolytic process. This model may provide a useful guide to further research into this very complex subject.
